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Roxs, Davin M. Renal gluconeegenests after NH.CIL Nal1CO;,
Inposhcemia, o pregmancy. Am. J. Physiol. 222(1): 55-60, 1972,
—=Rattes of renad gleconcogenesis were determine:d in intace normal
dogs, and in acidode, bicarbonate-fed, In poglveenne, oF pregnang
dogs. Renal plasnsa fiow, asgerial and renal venous glucose, pHi.
andd Peo; were measured. Renal shicenivosenesis wasshowu in bt
of periods fromm conrols, 107 from acizlotic, 73%  from alkalotic,
39¢ .. from bypoglyeemie, and 577, from pognant dogs- Rates of
renal ginconeosenesis in acidotic dogs were significantly lower than
in comrols, Bicarbonate-fed dogs had a higher rate than conwals,
but not signiticantly so. When compared to acidotic dows, how-
ever, the bicarbonae-fed-dogs manifested a significantly greates
rate of dluconcogencsis. When elearanee periods froni- control,
acidotie, and bicarbonate-fed dogs were segrégtesd acconlding to
the production or éxtraction of glucose rather than pll, it was
found han-periods showing production did not ditfer in acid-base
features from thase showing extraction. Hypoglyveemic and preg-
nant dogs did not ditfer significantly from controls, It appears that
in vive merabolic acidosds docs not significantly stimulate rates of
renal hiconeogenesis.

alucowe meabolizm; kidney, acid-base balance

THERY Is LITTLE EvipeNeE that in vive renal gluconeogenesis
is reiated o acid-base balance. It has been shawn in viwe,
however, that aeidosis increases the rate of renal glucenee-
genesis and that alkadosis decreases it (6, 8). (.unthrung
evidence exists ar 1 the effeets of chronic metabolic acidxis
on reanl glucoscogenesis in vive e, 19), and there is only
one report of the “effect of chronic metaboliv alkzlosis in
vive (17}, Accordingly, mates of vemal gluconeogenesis in
intact dogs were e asured in control animals and in doge
with chronic metabolic acidesis or after bicarbonate feeding.

The purpase of these experiments wis -6 answer three
questions: first, Do antmials in any of tieexperimental eondi-
tions diﬁ‘cr from centeol animals i rates of renal gluconen-
genesis? seeond, i dogs with chronie metbolic acidosisane
compared dirvetiv e dogs fed bicarbonate, do they differ in
rates of venal glucone wmz‘s:s,’ third, if clearmne periods
from aridoric sikalotic, and control dogs are serregated
according to the production of extraction of glucese rather
ihan the acid-base conditon induced, will acid-base pawia-
wrerx i thegroup of penads characterized by productaon of
wlucose diffar from thase in periods charactenized by exirac-
o of glucise?

The effeer of insulin-mduced fvpoghecmia en regsl

gluconcogenesis wias determined o swdy mmhu possii: ¢
control mechanisin for renal "lmunuwulcsh

Tt was found at laparotomy that-wwo dugs were pregnint,
The hormonal changes associated with pregnancy made it
worthwhile to measure rates of renal gluconcogenesis in
these dogs rather than w sacrifice them for no purpose.

MATERIALS AND MiTiHODS -

Both male and female dogs weighing:-between 15 and 24
kg were used: All dogswere wornted and.dmmunized against
rabies, distemper, hepatitis, and leprospirosis. All -were
shown o have a normal hemawerit shortly -before ship-
ment. They were fed stimdard dog chow ad libitam.

Chronie metabolic acidosis was induced by addirg 10 ¢
of NHC 0 the chow daily for 5 days. Chronie suetabulic
alkalosis was sought by adding 10 g of NaHCO; 0 the chow
for 3-7 days. Food was withheld from the night before
surgery. Witer was permited ad liliinou o the time of
Surgery. :

Eack aniimal was anesthetized (Nembutad, 30 mg, ke,
iv). intubated w permit free respiration, and given an in-
fuston of nerml saline containing 2.3 1l of 20° ¢ sodium
aminohippurate per fier at 5 ml min, Dog 27 received
NiSO; in the infusion 1o nsure urnans acidification.

An arterial catheter was placed in the ot femoral artery,
A catheter was placed in the righ: fersonil vel end passed
into the vena cava 1w approsiarcly the level of the right
rerl vein, The aldomen wias opened in the midline and-
buth ureters were exposed aid catheterized with polycingd
wibing which was tied firisly in place The right kidney and
rénal sein were exposed, and the venous eatheter frona the
right femoral ycin was mampulaicd into the right renal vein
and was tied at the femoral vein, Care was taken net 1o
disseet away the fnt and conneetive tissue aghe Junetion of
the renal vein and the vena cavii and to avoid handling the

el artery and the Kidrey, When ail-Yines were in p!m:t:

the abdonien was closed with metal clips. _

Rectal wamperature was mionitored by usifig @ Tele-
thermometer miodel 43TA fron the Yellow Springz mn:m-
went Corp. When the temperature fell below 37
heating pad under the dog was tumed on.

Witen possible, cight 30-min clearanee periods were
obtained froun cach animal. Arterial and renal venous blood
samiples were ollected singltaneonsdy at the midpoint of
cach clearance pesial. When bioxd samples were collected,
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meee than 3 times the capacity of the catheter was with-
drawn and set aside before obtaining the sample. The
samples were then collected over approximately 30 see in
heparini-ed, sificonized, glass syringes. Each sample had a
volume of 5-6 ml; 3—4 ml were inmediately cenwifuged,
aned the plasma was scparated. The remainder was uded for

pH and blooad-gas analysis with an Instrumentation Labora- -

tory pH/gas analyzer, model 113, Afier withdrawal of the
sample, the blood initally set aside was reinfused and
followed by a saline flush ¢qual in volume o the smuplc
withdrawn.

Urine was collected from the ureteral catherer and then
centrifuged for removal of any cellular material,

Alter the Iast clearance period the animal was szcrificed,
the abdomen was opened, and the positions of the catheters
were verified. The catheterized kidney was removed,
opened, and inspected for evidence of gross abnormality;
then several wedge biopsies were obtained and preserved in
buffered Formalin. Hematoxylin and eosin slides were
prepared and interpreted by the Division of Experimental
Pathology.

Giucose in plasma and urine was determined by the
hexokinase ethod (Bocbrumcr) Each -unknown mmplc
was done in duplicate, and the individual value fecorded
was the mean of the duplicate-determinations. Renal-vein

- glacose concentrations. have been corsected for the abstrac-

tion or urinary watet.
The standard deviation for the meihod obtaited from a
100 mygs100 ml standard was £ 1,18 wy; 100 mil.

mx-ammnhappurzuc in-plaswia and urine was méasured-

by wsing the micthod of: Smith et al. (18); Readings were
maide in 1+ duplicate on an Evelyn colorimet_r. Theextraction
ratio for cach clearance period was determined and-was
used in the caleulation of renal plasma Joiw.

Bicarbonate values were calculated from the Henderson-
Hassclbaleh equation.

Swtistica: comparisons between groups were maae by
usiny the Student ¢ test; staistical significance has been

indicated when 2 < .05,

RESULTS

The control greup wis composed of five dogs from which
a total of 34 clearance periods was obtained. The bicar-
bonate-fed group :was not clearly alkalotic, ak hough this

-group was more alkaiotic than the controls or ammonium

chloride-fed groups. It vill be referred w as “bicarbonate-
fed,™ or as “relatively alkalotic™ Twenty-four clearance
perids were obtained from the three bicarbonate-fed dogs
and 20 periods from three acidotic dogs. From three animals
wade hypoglyeewic with small deoses (01 Ukg, iv) of
regular insulin, 23 clearance periods were obtainzd. Four-
teen clearance periods were obtaised from. twe pregonant
dozs, one of which was catimawed 0 b about 3 weeks
preznant and the other near terne.

- From this total_of 113 clearance periods, renal gluconco-
genesis was demicnsteated & 62 inztances, (., renal vein

glucose-rimcchtration exceeded arterial gliscose concentra-

tion. For the entire pojalation, then, gluconcogencsis was
found 5% of the time. Glueon cgenesis was found i in 367
of periods Seom controls, 307 from acidatic dogs, 73 Yrmn

) D. M. ROXL

bicarbonate-fed dogs. 3977 from hypoglycemic dogs, and in
57 of periods from the progaant dogs.

In general, there was not a consistent pattern of produc-
tion in a single animal; periods of production alternated with
periods of cxtraction. Only one animal showed the same
pattern for all cight pmuds, and that was an 18- -kie male
that had received NaHCO; for 5 days and showed ne
production of glucose during every period. A more typical
pattern is demonsirated in Table 1, which shows the de-
tailed resalts of dog 21. This was one: of the contro! animals
that did 1eq undergo any acid-base panipulation. There
wias considerable variation in ae renal plasma flow over the
5 hr of the experiment. Very littde change occurred in acid-
base status during that time. Aveerial glucose stayed within
a range of 109-136 mig. 100 ml throughow the procedure.
Renal venous glucose was somewhat more closcly con-
trolled between 110 and 133 mg, 100 mi. Production was
noted in three pericds with 7.539 ing -min as the greatest
rate. Extraction was scens in five periods; but never réached
arate of 2 g min. Al ugh urinary glucose caticentratic
varied widely, nrinary glucose excretion -never reached 023
g min.

"The functional data for ailof IhL grotips are containedin
Tables 2, 3, and 4. In"Table 2 cach exjerimental group-is
compared 1o control, and significant diflrences-afé-marked
by an asterisk. In Table 3 acidotic and bicarbonate-fed
animals are-compared; in. Tablé 4 cach of thie-élearance
periods froin the acidotic, bicarbonaté:fed, and conirol
-populations is segregated  according -to  production- -or
extraciion of glucose, -and producers are compiired: .o
extractors.

The first set of comparisons is presented in Table 2.:1It
should be noted that avterial and renal venous coneentra-
tions of glucose differ from control only in the hypoglyveemic
aninals. ‘The magnitude of the ditference between renal
venous and arterial elucose concentrations is indicated as
V-A. Acidotic animals showed a negative value for this
number and thereby differed significansly from controls
(P < .02). Conversely, bicarbonate-fed animals stiowed a
markedly positive - value for this number and  exceeded
controls by a significant degree (P < .025). Another sig-
nificamt dilference from control was noted in the rate of
prortuction of glucoss expressed in micromoles per-misuie
per kilogram. The acidotic group showed  significant
extraction of glucose-and ditered from the cotitzol group
by 148 pmoles-min per kg, Althongh  bicarbonate -fadd
animals showed 2 race of pnxlutmn higher than _coiardis,
tire ditference was not demonstrably <1gmﬁc.mt. H\pm,k‘
cemic and pregnant animzls did not sdifier significantiy
from controls-cither in the value of V-A-or in the rate of
production of glucose. Urinary  glurose  concentrations.
varied widely in all groups and were ceardy difleren:
from: control values oaly it she hv;xwhﬂmw dogs.

There were significant variations in acid-base balance
i the different groups, Arerial pH waz lowyr than comral
in the acidatic dags and higher in_the bicarbonate-fed dots
Kicarbonaw was significantly lower in the acidoric group:
Hypoglycemic dogs showed acidosis; pregnant dogs were
alkalotic. Arterinl Peo; was fuwer than normal in all
groups including the conwols. The degree of alveolar
hyperventilation noted  was ﬁwmmllv -the same in all-
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RENAL GLUCONEOGENESIS
rante 1. .Summar) qf typical et[rmmml ]
: i Data for Right Kidncy Only
P AGH . Yol C AGl, UG P - o i ot - - . , :
ENent g 1tah ml im0 il g 106 meA@ jpv, . RPE. Gl aw l'gi;':., Extrocn, - AP APo Ry PHRY Poos 3
i . . B wml/min “mbimin - Prodn.g - hxlmcn i’ wmoles ., pmoles? - M) :
® - N : ber \;: H‘.R’m"l img” ‘min ; min 14 24 ~ mm et - H
; ; b2 7 ke
“= e e e e e e e s e e
Ancsth, ! . i ; 3
G i ) : . !
AV 1119.6 ~ 1195 -.1 R I 25 A - T K} 03 740 2.5 740 0
U, i : 2.4 ¢ ’ ) E
AV 1204 1326 122 SS9 6Ly 36 159 2.48 7412 7.42 TS
U, : : 245 . - : :
AaV: C120906 1333 3.7 {.78 , 587 35 216 ¢ 07 741 21 74 B5
U, R8I :
WV, SI135.9 i3ty =30 L7 1 a3 3.1 ¢ 1A A 74w 7.42 31
f; é R 38.1 g H R : .
A VA S5 P192.6 1312 Bl B% LI B 3 B T <97 R 745 305
te : : 73.4 . : : : : ]
AV, 2.6 129 -7 L0 07,9 6.4 P12 L3 7 HMS T4 240
U: - 4 65.1 : ' T ;
AzV: 1200 <187 ~L3 N 3.2 .57 Jd8 745 0 743 27.5
U, - 61.7 ! : _
AV, ol | 10 1.2 S8 A2E . 3l 69 28 743 50 7.5 M

H
H

Ead Us i M5 . -

— - _ -

© ® Extraction ratio. xulucmc flux = A (‘lu X RPF-{(V (‘lu X Rl’h + U G;uE Pusitise \'.'lhu‘.s = rsmw;mn.

rasik 2. Comparison of experimental groups to controls

: N f R
DAG, | v eGh, | ) C v w e - E
Group | meio J ¥l mei | ApH - Aleo: ANCO, Rvpn XY RY : . Predn, (BN :
goml : ml o, - : i R e RPE, Prodn. P el SO0 :
2 ! 1 : : - " ml min‘msnin smg-min m:éﬂ - min
i 1 - * per b

PRSI

Control D124 1.6 1316 - 7.7 T-nm 157 797 W2 et w107 .38

Acidotic B —A00 7 7070 353 140 720 68 M6 W 7 . a2 .1o* -

HCO; fed Doaeelar 740 ma 166 739 318 ;m.a Bl 42 . 3.64 Lz

Hypoglycemic : 3 17.7 7.3;3? o 7.2 ‘ 2.8 . 7 R A 1] 0¥

Pregivant 2.0 [t7.9 7.4 "6 7.45* !:r.’.«? 76106 2.4 .57 :
*p <0 T T R :

groups and, therefore, was not the result of the metabolic  wemperature was recorded when bloods were drawn in as
alterations in acid-base balance. At any rate, the degree of  many cases as possible. Al dogs were somewhat hypothermie
nypocapnea present was essentially constant in all groups  compared to the 38.5-39 C normal value for dogs.

and therefore should not be implicated as causing specific In sununary, Table 2 compares cach of the experimental:
diffesences between groups. groups to the control population. The acidoric dogs had a

The extraction ratios in all of the groups were essentially — significantly lower V-A value than controls and _showed
identical. There was a ecal difference in renai plasma flow,  significant  extractior of glucese. The  Licarbonate-fed
however, with significant depression of the renal-plasma popnlamm had a V-A value significantly greater than con-
both the bicarbonate-fed and the hypoglycemic groups.  wals. The rate of net pr«xinclmn by the bicarbonate-fed
The feasons for this are not clear; surgerswas not prolonged  dogs exceeded the rate.in the controls, but the ditferenee

or difficult in ihese dogs. -was not clearly significant, .
The length of the experiment and rectal wen, ')cnmn: were Table 3 comains tlic data pertinent to the second question.
t i q

also analvcd in all greaps. The time from administraden 1 dogs with chironic netabuolic acidosis are comparedl to-
of ancslhcsm o the momeni-when a blood sample was  those fed bicarbonate, do they differ in rates-of renal
drawn -was noted in cach clearance period. Those times  gluconcogenesis? Again, significant differences are warked
were averaged for cach group as a gross indes -indicating. by an asterisk. The V-A value was 12,6 mg7 100 ml greater
the duration of the procedure. There was no clear difference i the relatively alkalotic dogs than in the acidotic oncs.
lretween any of the experiniental groups and comtrals. Rectal - Urinary glucose concentration was similarly higher. Renal
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1ABLE 3 C ompamon of m‘u!ouc and HCOs fed dugs
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plasma flow was greater in the acidotic dogs. The acidotic
dugs -showed net extraction of glucose; she miore atkalotic
dogs. showed net production. The difference in rates of
pmducmm is significant. The differencé foand in p!l and
HCO: of the two groups was prc(hctablc There &5 es-

satially no difference in Peos: or Po; in arwerial or venous
b.’\ud -in these groups. Rectal temperatare was higher in
the more alkalotic animals. In sunmimary, Table 3 shows
that when directly compared o cach other the relatively
alkalotic dogs prrxlurcd significantly wore glucose than
the acidatic dogs dmpm a diminished RPF.

The thivd question asked was, “If clearance periods from

control, acidatic, and relatively alkalotic dogs are segregated
according to the production or estriction of glutose and not
according to dictary manipulation, will acid-base param-
cters in the producers differ from those in -exwractors?™
The answer, az reflected in Table 4, is no. The sin-ilzrities
ave ore steiking than the diftferences. There is no meaning-
ful, indeed, almost no measurable, difference in arerial
glucase concentration in the tweo groups. The extraction
satios are nearly identical. There is no significant difference
in renal plasima flow. There s only a dillerence of .04 pll
units between the groups, and those periods characterized
by net exsraction of glucose show the lower pl, alihough
the difference is not statistically meaningful, Arerinl HCO;™
concentrations were identieal The higher Pco: was in the
group showing extraction, but the dillerence of Jess than
3 nun Hg is probably not meaningful. When producers are
compared 0 extwactors {some dogs being producers in one
period and extracirs in the nexts, there is no differenee in
-pH, Pco:, HCO;, exuraction rniu, renal plasma flow,
arterial plucm; concentvition, urinary glucose coneentras
tion, or temperature between periods -characterized by
production anu periods characterized by extraction.

Sections from the kidneyof caclr dog were submitied to
the Division of F\;x-mnuu.nl Padiology at the Institue

‘hormoene  (7),

e e e e e O I,

for “blind™ evaluation. Two animals were found 10 have
abriormal kidaeys.-One of the pregnant dags had thickening
of the bascriient membrane of Bowman's capsule and of the
glomerular tufis. The findings were thought to be com=
patible with a. qlmmrulms, buat no ctm]og\' could be
established. The second abnormality secuned in one of the
three hypoglveemic animals and was 2 mild inerstitial
nephritis. Although this is » common abnormalivy in dog
populations, our control and experimental groups were
unusually free of canine interstidal nephritis,

In a group compaﬁmn no differences in histological
appearance, and, in particular, in ischemic changzs existed
between groups.

DISCUSSION

After Benoy and Elliott (1) demonstrated that kidney
slices were capable of carbohydratesynthesis, renal gluconco-
genesis was studied because of an interest in diabetes
mellitus (2) and the kidney's role in maintaining glecose
honeostasis (13). It-hecame elear that renal gluconcogenesis
occurrd in many spccn‘i {10}, and significant V-A values
were demonstrated in somie cases (14~ lb‘}

These observations were extended by Cohn, Katz, and
Rolinsky (3) who reported in 1950 that fenal gluconeugene-
sts occurred in intact, ancsthetized dogs, e kidnevs of
which formed glucose in 49 of 49 clearance perimds. Cohn
et al. felt that the process was fivored duaring hypergiyveemia
and noted that rates of renal giuconcogenesis were not
related o renal plasma fiow.,

Subsequently, many fovestigaiors tricd o discover the
factors that regulate rates of renal gluconeogenesis. Con-
centrations of fatty acids (Y), ketone bodies (9), growih-
thryoxine- {7), cortisone (7). adenosine:
3',5"-monophosphate (12}, pr-camitine {20), and bicar-
bonate {20} have been shown to affect rates of gluconcogene-
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RENAL GLUCONEOGENESIS

sis as have diabetes mcllits, the concentration of precursor
substance (20), and the acid=base balance of the donor
animal and of the medium in which the slices were incu-
bated (6, 8). To dateno one has reported an experiment in
which all of the factors known to affect renal gluconcos
genesis have been controlled simultancously.

In somne cases the reports of the effect of a single variable
appear 0 be in conflict. For instance, Weideman and
Krebs (20) shuwed that, when rat renal cortical slices were
incubated in pho.phate-buffiered saline, increasing the
concentratiun of bicarbonate from 2 to 23 iy increased
glucose production from propionate. Conversely, Kamn,
Fuisz, Guodman, and Cahill (8) showed thas when rat
kidney cortcal slices were incubated-at constarit pH and
the concentration of bicarbonate was increased from 10 to
70 my, glucose production from  alphasketoglutarate
decreased. It would appear that the effect of bicarbonate
concentration may depend upon the type of precursor used.

Considerations such as these may hdp 10 explain why it
has not been possible to docursent in vivo the stimulation

renal gluconcogenesis that is clearly seen in acidutic condi-
tions in vitro. The response in vitro has“been shown in
several laboratories. The response in vivo has been sfight,
atbesy,-as reported by Steiner, Goudman, and Treble (19).
They found a sxgmﬁcam increase in rates of gluconcogénesis
i .acxduuc dogs, but the increase amounted to only 0.25
mg/ 100wl and was-detectable only with a suplusucaml
analytical system for glucose determination. Churchilt
and Malvin (4) did not fi “find an increasc in rates of glucos
neogendsis in dogs that had chronic imctabolic acidosis.
They did dononstrate an increase in gluconcogenesis
following lactate infusion, and it would be cxpected that
lactate infusion would be an alkalinizing procedure: Roxe,
DiSalve. and- Balagura-Baruch (17) did not find any in-
crease in net rate of renal qlumncm,mcsns in dogs that had
chronic metabolic acidosis, and in most cases did not 6nd
significant 'V-A values in dogs in the control or experimental
pepulations. -

The present study represents the viird report that chronic
wetabolic acidusis docs not increase rates of renul gluco-
neogenesis in intact dogs. In fact, Vo3& values were Jower
than control in the acidotic dogs and higher than- control
in the more alkslotic dogs. Control anhimals had significantly
higher-rates of renal clufm'cwcm-m than ac:duuc ammals.
These results, obtained from acidotic, control, and bi- -
carbunatesfed dogs, indicate that chronic mictabolic acidosis
dozs not increase the rate of renal gluconeogenesis in intact
dogs and that chronic metabolic alkalosis does nnt depress
it. Because there were no meaningful acid-base differences
between periods showing production and thase showing
extraction of glucose acid-base status does not seem an
iniportant rcgulatmq factor for renal gluconcugenesis,
Other factors must have a more important role than- acid-
hase balance in regulating the rate of this process in vivo.
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